The objective of this study was to understand the impact of alcohol multi-buy promotions on individual's purchasing behaviour. Our study deployed a Stated Preference survey to measure consumers' potential responses towards price changes and the introduction of promotions, as well as the resulting effects on demand. A series of econometric models were developed, ranging from simple selection models to advanced multiple discrete-continuous extreme value (MDCEV) models, to capture the discrete and continuous feature of alcohol purchasing choice behaviour. The model results were compared and then extrapolated to a series of policy scenario tests, to enable the evaluation of factors that underpin consumers' alcohol purchasing behaviour. This research contributes to evidence on the role of multi-buy promotions on alcohol purchasing behaviour, as well as adding to recent developments in the choice modelling literature by providing a comparison of results across a range of different model structures suitable for the analysis of data such as used here.
Introduction
Excessive alcohol consumption is a major cause of ill-health and mortality and is also associated with economic and social harm. The Department of Health in the UK has estimated that the harmful use of alcohol costs the National Health Service (NHS) approximately £3.5 billion per year and 7% of all hospital admissions were alcohol related 1 in 2009 -2010 . The Government Alcohol Strategy report (2012) 2 stated that the cost of alcohol related harm is estimated to be £21 billion annually.
Alcohol pricing is considered by some to be a potential means of influencing levels of alcohol consumption (Anderson et al., 2009; Purshouse et al., 2010) . However, alcohol pricing is a sensitive policy issue, with those in favour of price regulation arguing that it has the potential to reduce harms from overconsumption of alcohol, and those against emphasising the need to limit the impact on those who drink alcohol in moderation.
In this study, we examine the impact of one aspect of pricing -multi-buy promotions -on consumers' purchasing of alcohol for consumption off the premises where the purchase was made. By multi-buy promotions, we refer specifically to promotions where there is a link between the number of products purchased and the price of the product, for example 'two for the price of one', 'three for the price of two' or the purchase of more than one item for a fixed price discount. The study was carried out under considerable time pressure between September 2012 and January 2013 in order to inform the impacts of proposed policy to ban alcohol multi-buy promotions.
We contribute to the empirical literature on better understanding alcohol purchase behaviour under multi-buy promotion in three ways. First, we deploy a novel data collection approach to measure consumers' stated alcohol purchases under different market changes which are not easily observed in the real market. Second, a series of econometric techniques ranging from the Tobit and Heckman models to advanced MDCEV models are developed to explain the discrete -continuous nature of alcohol purchasing behaviour. This is, to the best of our knowledge, the first time that MDCEV models have been used for interpreting consumers' alcohol purchase behaviour. Third, the results are then used in a series of policy scenario tests, which help to gauge the potential impact of removing alcohol multi-buy promotions.
The remainder of the paper is organised as follows. Section 2 briefly describes the design of the stated preference survey and the data collection more widely. Section 3 summarises key literature regarding econometric models that predict discrete-continuous choices with a special emphasis on the comparison of these models. Section 4 discusses the estimation of the econometric models. Section 5 presents a series of policy scenario tests, followed by Section 6 which concludes the paper with the discussion of the policy implications and future work.
Data Description

Stated Preference Survey Design
Given the limitations of available retail measurement data (lack of detail on consumers, and limited information on promotions), an online survey was designed to collect self-reported information on existing patterns of alcohol consumption and purchasing. This included a stated preference component to examine potential responses to alcohol promotions under different market situations, including multi-buy promotions. Stated choice techniques have been widely used in marketing, environmental science, transport demand analysis and the health sector (Louviere, et al., 2000) . Within the survey, each respondent was presented with a number of hypothetical scenarios, with different alcohol prices and with/without the multi-buy promotions for six types of alcohol, and asked to indicate which types of alcohol they would purchase and the volumes of each they would purchase.
For realism, respondents were asked to consider purchases that they made themselves (for themselves and their households where relevant). To avoid excessive incidence of zero expenditure, we asked respondents to consider their likely purchases over the following four week period. This was also important in the context where we wanted to explore the impact of multi-buy offers on purchasing, which puts an emphasis on cross-product substitution, requiring respondents to imagine a situation in which they were making a number of purchases (and ideally multiple purchases).
Three types of alcohol were included in the choice scenarios: wine, beer / cider and spirits, using generic brands, with wine and beer quality reflected through different price ranges. Three types of multi-buy promotion were tested for each alcohol type, as outlined in Table 1 . Although the primary aim of the research was to model the specific impact of alcohol multi-buy promotions on purchasing behaviour, it was also important for validation of the model to estimate an accurate price sensitivity. With this in mind, we included some choices with price differences only (and no promotions) and some choices with promotions. Respondents were therefore asked to participate in two sets of scenarios, with 12 choice tasks in total. The first four choice scenarios involved choices between non-promotion items, with alternatives varying in price only, while the second set of eight choice scenarios included non-promotion items and promotion items for some alcohol types. All choice tasks included the non-promotion versions of each of the six products (three types of wine, two types of beer and spirits). In the scenarios with promotions, one promotion on wine and one promotion on beer were included in each choice task, where these always applied to just one product within a category (so e.g. no joint promotions for wine A and wine B). In half of the scenarios, a promotion on spirits was included (with one of two types), while in the others, spirits were not on promotion.
The first choice task reflected a scenario where all alcohol types were present, at baseline prices, with no promotions. This scenario formed the baseline for analysis of changes as a result of the introduction of pricing changes and promotions.
The presentation of the choices drew on the visual presentation of two supermarket shelves. On one shelf were the six types of non-promotion alcohol products. Respondents were asked to indicate how many bottles or cans of each alcohol type they would purchase at that price. The total price for all choices they made was shown on the screen which is updated immediately after any adjustments to the choices made. Figure 1 illustrates an example choice scenario without promotions.
A second shelf containing promotion items was introduced in the second set of scenarios. Each promotion was described by the type of promotion, the total cost and the amount saved for each offer. Respondents were asked to indicate the number of 'offers' they would purchase. Figure 2 illustrates an example choice scenario involving promotions. The order in which the shelves were presented, i.e. with either the promotions presented on the top shelf or the bottom shelf, was randomly varied between individuals.
In addition to the stated choice tasks, respondents were asked about their level of alcohol consumption, as well as other general background information (age, gender, ethnicity, marital status, education, religion) and household information (size of household, drinking habits and purchasing habits of others in the household where known, household income, socio-economic classification). After the choice tasks, respondents were asked about their attitudes to multi-buy discounts, their alcohol consumption habits and preferences, and their attitude to alcohol more generally. For further details on the design of the survey and stated preference scenarios, see Rohr et al. (2013) . Example choice scenario with multi-buy promotions
Data collection field work and sample description
To understand preferences by different types of drinkers, it was necessary to have observations across a range of alcohol consumption levels. The categorisation of consumption levels followed the Quantity -Frequency approach (Goddard, 2007) adopted by the General Lifestyle survey (ONS, 2010) , defining four consumption levels: Moderate A (low moderate), Moderate B (high moderate), Hazardous and Harmful consumption levels. Consumption levels are determined by self-reported average weekly alcohol consumption. 300 respondents were targeted for each alcohol consumption level, leading to a two-stage recruitment methodology, whereby a screener survey was undertaken with a large online panel of respondents representing the age, gender, socio-economic group and regional distributions of the national population to identify potential respondents in each consumption segment. Respondents were then drawn from each consumption segment to participate in the main survey. The main survey was undertaken between 22 November and 4 December 2012. 1,265 completed surveys were obtained, reflecting an overall response rate of 47.7 percent, after which data cleaning removed 42 individuals (3.3% of the whole sample).
Preliminary data analysis
Prior to the choice scenarios, individuals were asked to report the amount that they had spent on alcohol purchases off-trade (i.e. in supermarkets, at off-licences, abroad and through internet and other locations). This information is used to assess their consumption levels and as reliability check of their stated expenditure in the choice tasks. At an aggregate level, the comparison in Table 2 shows that the stated expenditure levels in the choice tasks are very similar to the reported expenditure in the supermarkets (albeit with a higher standard deviation), but are lower than the total spending in all locations. Moreover, it shows that the expenditure increases with the level of drinking which is within expectation. In terms of purchasing patterns from the data, we see that people purchased multiple types of alcohol products, specifically in 10.7% of the choice tasks respondents buy either two or three different types of wine, and in 8.9% of tasks, they buy both types of beer. These rates vary across our four segments, and, for harmful drinkers, the rates are 15.9% and 13.1%, respectively. Out of those tasks where respondents buy any wine (73% of tasks), respondents buy two or three types in 14.7% of those tasks, where for beer, the corresponding rate is 16.6% (of the 53.8% of tasks where respondents buy any beer). This clearly shows that respondents buy multiple products from the same overall alcohol family at the same time. Overall, respondents buy at least one product in 76.8%
of tasks, and in 41.6% of tasks (i.e. more than half of those where a purchase is made), they buy more than one product.
The situation of course becomes slightly more complex in the presence of promotions. If there is a promotion, say on wine A, then the a priori expectation might be that a consumer should buy all his/her wine A products under the promotion. That argument would of course apply in the case of a promotion where you can buy a single bottle at a reduced price. A respondent would then buy all his/her bottles at that price. However, such a promotion type was not included in our survey, which was specifically concerned with multi-buy promotions. Let us then consider for example the case where, for wine A, there is a promotion where you can buy 3 bottles and receive a 20% discount on the price of each bottle. A respondent might however for example want to buy 4 bottles, and would then buy one bottle at full price, and the remaining 3 with the 20% discount. In fact, the only case where the presence of a promotion should in theory rule out a respondent also buying the product at full price is the 2 for 1 promotion on wine.
Our data also supports the notion that respondents do indeed combine full price and promotion purchases for the same product. In 4.8% of choice tasks that involve promotion items, the respondent is observed to buy bottles of the same product both at full price and at the promotion price. This varies across product types and quality. For wine, this occurs for 5.4% in the case of wine A (i.e. the lowest price category), and drops to 0.6% for wine C (i.e. the highest price category). For beer, we see a similar pattern (3.2% for beer A and 1.5% for beer B). This is in line with expectations and the notion that premium products might be less for immediate consumption than lower price ones.
For just over a third of those cases (i.e. of the 4.8%), we see respondents buying enough bottles at full price for them to have saved money by instead buying some of those bottles at the discount price. Two possible interpretations arise here. Firstly, respondents may of course make mistakes (as shoppers clearly do at times) by not completely understanding the promotion or misjudging the savings they would get by shifting some of their full price items to promotion items. Secondly, there is the possibility that some respondents assumed that the promotion items may not be of the same quality as the full price items for wine category A -this is realistic as we did not explicitly say what vintage or winemaker a given bottle related to.
Econometric models
The stated preference scenarios collected respondents' choices of both the type of alcohol they would purchase (a discrete choice) and the amount that they would purchase (a continuous value).
When zero purchases are present, standard econometric models using ordinary least squares (OLS) based on all the positive observations would generate biased parameter estimates (Amemiya, 1984) . In addition, excluding zero observations would cause a loss of efficiency.
Tobit models
Previous work in this area has largely been based on the Tobit model (Tobin, 1958) , often referred to as a censored regression model, and widely used to estimate demand relationships with limited dependent variables, especially with the context in which quantity lies in a specific range, often that is non-negative. A rich literature documents the overview and application of Tobit models (Amemiya, 1984; Breen, 1996; Long, 1997 ).
The Tobit model expresses the behaviour of the observed dependent variable , in terms of an underlying (non-observed) latent variable, * given by y i * = X i β + ε i , where ε i is assumed to be normally distributed N(0, 1)
is a vector of independent variables and is a vector of the coefficients to be estimated. The latent variable * has a normal homoskedastic distribution with linear conditional mean, and has a continuous distribution with a threshold, so that below the threshold, is either, in one version of the Tobit model, not observed at all (truncated model) or, in the alternative version which is applicable here, set to some arbitrary value (censored model). When the data is censored at 0, the observed dependent variable is
The Tobit model is restrictive because it assumes that the same set of variables, with the same coefficients, determine both the probability of a non-zero purchase and the volume of alcohol purchased. Several empirical evidence have emphasised the importance of a generalisation beyond the Tobit model in the analysis of alcohol consumption (Blaylock and Blisard, 1993; Yen and Jensen, 1996) , hypothesising that participation and consumption processes stem from two separate individual choices. In addition, the Tobit model is restricted to binary choice, whereas we are interested in respondents' alcohol purchase of multiple products under multiple promotions.
Heckman models
The Heckman model (Heckman, 1976 (Heckman, , 1979 ) is more general for the analysis of self-selected data, and is formed by a probit model for participation and an OLS model for consumption.
The first part of the model predicts participation as a function of the sign of z z = X i ′ β ′ + ε ′ , where ε ′ is normally distributed N(0, 1) [4] which is a binary probit model; the consumption Equation [1] applies when z is positive. The data vectors and ′ may overlap, and particularly ε and ε ′ may be correlated, but the pair of models give more scope for accurate specification than the simpler Tobit specification.
Heckman (Heckman, 1979) sets out a consistent estimation procedure for models of this form. This consists of estimating the probit model in the usual way, but then adding an additional term to the linear regression: y i * = X i β + ρσλ + ε i , where ε i is normally distributed [5] where is the standard deviation of , denotes the correlation between and ′ , and is the inverse Mills ratio:
where σ ′ is the standard deviation of ε ′ and and Φ are respectively the frequency and cumulative functions of the standard Normal distribution. The coefficient ( ) is estimated in the regression model along with . The term ( ) is simply the expected value of ( − ) when z is known to be positive. Thus, with this correction, the expectation of in Equation [5] is zero.
The likelihood function for the Heckman model is:
[7]
Heckman demonstrates that this is a generalisation of the Tobit model and that the estimator is consistent. The probability that consumers will be purchasers of a specific type of alcohol is predicted by a binary model, then for those who decided to purchase, the volume purchased is predicted by a linear model. This is different from the Tobit model in which the same function is used to predict both the decision to purchase and the quantity purchased. Indeed, in the Heckman model, it is necessary that the functions be different to allow full statistical identification of the model (Puhari, 2000) .
Limitations of Tobit and Heckman models
The main issues regarding Tobit models, such as the restriction to binary choices and the consequent limitation on the treatment of promotions, also apply to Heckman models. Furthermore, despite Heckman models offering greater freedom in modelling behaviour, they also present a specific problem in forecasting in that it is not guaranteed that the linear model [1] will give a positive outcome . While Tobit and Heckman models correct conventional regressions by incorporating the fact that purchases must be zero or positive (i.e. not negative), they represent substitution and competition between products only at an aggregate level. That is, in our case, the choice by respondents for a particular alcohol type can be represented in these models by the price and promotions of other types, but does not take account of the specific choices of the individual over several alcohol types. Finally, the models do not give any representation of "satiation", i.e., that the additional benefit gained per unit purchased may decline as the amount purchased increase, and also omit any consideration that the total amount spent may restrict the spending behaviour of consumers.
To overcome the limitations of Tobin and Heckman models, a series of recent studies provide more advanced models in both microeconomic and econometric aspects (Dubin and McFadden, 1984; Train, 1986; De Jong 1991; Bolduc, 2001 ). Accent and RAND Europe (2002) provide a thorough review of these models. The advantages of these models are reflected in that they not only bring the model within the bounds of economic theory, but contain the possibility of introducing a more complex choice model framework than the binary probit models used in the earlier work. Through a good formulation of the demand function in the regression model, for instance including the exact cost term, the models are more consistent with economic theory (accounting for satiation and diminishing marginal utility by introducing curvature in the utility function). The application of strict economic theory indicates how the choice and purchase models relate and may suggest suitable forms for testing.
In both Dubin and McFadden's and in Train's work, the choice and usage models are estimated sequentially and there is therefore no mechanism by which consistency between the indirect utility and the purchase equation can be maintained. De Jong's work takes a different approach which allows simultaneous estimation, but this leads to quite complicated functions, which would be even more complicated in the present study where multiple alternatives are considered, and, as pointed out by Bolduc et al. (2001) , this can lead to the propagation of specification error from one model to the other.
Family of multiple discrete-continuous extreme value models
The MDCEV model (Bhat, 2005 (Bhat, , 2008 goes further in representing competition between products at the disaggregate level. Consumers are modelled as making a simultaneous choice of a number of different products and, for each of product chosen, how many units to purchase. They are assumed to maximise a direct utility function U( ), where is a vector of non-negative quantities of consumption for each of the goods, such that = (x 1 , … , x ). The consumption activities of a consumer are subject to a budget constraint, such that the consumer maximises U(x) subject to = E, where E is the budget, and where is the vector of prices for the different goods. In most applications, includes an outside good to represent expenditure on all other items, say good number 1, which is assumed to have unit price (so that p 1 = 1). The chief advantages of this framework in the context of the present study are that it is better able to capture the substitution effects between the different products through the operation of the budget constraint and that a satiation effect can be modelled for each product.
At the heart of the model used in the present application is a non-linear utility form that allows the marginal utility, i.e. the additional benefit of an additional unit purchased, of each additional unit of a given good to decrease with increasing consumption of that good. Using the formulation introduced by Bhat and Pinjari (2013) , with good 1 being the outside good (of K goods), we have that:
This model relies on three distinct parameters for each good, namely , , and . The specific role of these parameters is as follows.
is the marginal utility of good k at the point of zero consumption, also referred to as the baseline marginal utility. A higher baseline utility makes non-zero consumption of a good more likely. The baseline utility is parametrised by interactions between estimated parameters and (non-price) attributes of the good and characteristics of the decision maker. To ensure positive baseline marginal utilities, we define ( ) = ′ . With the addition of a multiplicative random element, we obtain ( , ) = ′ + , where is an extremevalue error term, and where contains the attributes of product k and those of the consumer, while is an estimated vector of parameters, including a product-specific constant, and where, for normalisation, we set the deterministic part of the log baseline utility for one good to zero, say the outside good. -The key role of is to allow for zero consumption for good k, i.e. it is a translation parameter, although Bhat and Pinjari (2013) also suggest a role for as a satiation parameter. There is no translation parameter for the outside good (as it is always consumed), and we have a constraint that > 0 for k > 1.
has a more explicit role as a satiation parameter as it reduces the marginal utility of good k with increasing consumption, where lower means faster satiation, and where ≥ 0, and where it can be assumed that ≤ 1 as values larger than 1 would imply increasing utility with increasing consumption, i.e. no satiation.
As outlined by Bhat and Pinjari (2013) , joint estimation of and is numerically problematic due to the similar (satiation) roles that the parameters have, and some normalisation is generally required. In the present application, we have made use of the alpha-gamma profile (cf. Bhat and Pinjari, 2013) , which sets = 1 , ∀ ≥ 1, i.e. using a generic parameter and estimating , > 1. A key advantage of this profile is the availability of the forecasting procedure outlined in Pinjari and Bhat (2011) , which is too complex to be reproduced here in detail.
The probability of a given consumption vector ( 1 * , 2 * , … , * , 0, … ,0), where M of the K goods are consumed, is given by:
where is an estimated scale parameter and where
).
The MDCEV model explicitly reflects that an individual can choose several of the specific products, i.e. offers of wine, beer or spirits in our case. Thus this model can better represent how the introduction of promotions impacts on the purchasing of other alcohol products and total alcohol purchases. Moreover, the MDCEV framework uses all the available information to estimate the choice of different types of alcohol type simultaneously, so that the statistical inefficiencies of separate estimation, e.g. in Tobit or Heckman models, are avoided. Furthermore, the MDCEV models are able to represent better the particular choice of purchasing products on promotion, which are represented as separate choice alternatives in the model, i.e. they can have alternative-specific effects reflecting the impact of the promotion. This is not possible in the Tobit or Heckman models.
For this study we tested multinomial model structures only, where all products (whether they are the same type of alcohol or not, and whether they are promotion items or not) are represented as separate alternatives, equally competitive with each other. A key property of multinomial models is that the unexplained model error across alternatives in the model is independently and identically distributed (IID). This is a clearly a simplification, when in reality, complex correlation patterns may be at play. Recent developments in the literature have developed the model structure further, introducing correlations between alternatives, either through an underlying GEV-style nesting structure or through a probit-style model, leading to the MDCNEV and MDCGEV (Pinjari, 2011) or the MDC-probit models (cf. Bhat et al., 2013) . The use of these models was not possible in the present study given the time constraints, but remains an important avenue for future work.
Another recent development is the MDCEV-MNL variant of the model (see Bhat et al., 2009 or Eluru et al., 2010 , a model that in essence makes some of the products mutually exclusive. This approach is however not suitable for our data, given the earlier discussion about respondents buying multiple products within the same category (e.g. wine) as well as combining full price and promotion purchases for the same product.
Model Estimation
In all the models, the dependent variable was the volume of alcohol purchased, reflected by the number of units, using average alcohol by volume (ABV) conversions (as in the methodology employed for the General Lifestyle Survey). This follows on from initial tests using expenditure as the dependent variable, which yielded worse fit to the data, as did a log formulation of the explanatory variables. We found that the pattern of model estimations from Moderate A and Moderate B alcohol consumption levels were not significantly different from each other and nor were the Hazardous and Harmful segments. Therefore, the two pairs of groups were combined in the models.
The impact of a promotion is reflected by both the price reduction (modelled through a price sensitivity term) and a "psychological" impact of the promotion (measured by constants detecting the impact of the different promotion types). Therefore, in predicting demand for a specific alcohol type, the model incorporates the price and promotion characteristics of the specific alcohol type as well as the price and promotion characteristics of competitor products (referred to as cross-price and cross-promotion terms).
Because Tobit and Heckman models are restricted to reflecting binary choices, for these models we adopt a similar approach to that used by Collis et al. (2010) , whereby purchasing behaviour for a specific type of alcohol is modelled separately. A general representation of competition is reflected by including prices and promotions on other alcohol types. Furthermore, the Tobit and Heckman models do not explicitly predict the likelihood of choosing multi-buy promotions; rather they predict the impact of multi-buy promotions at an aggregate level. This poses some issues when estimating the impact of promotions on monetary expenditure as we cannot disentangle alcohol purchases under non-promotion prices from purchases under promotion prices.
In the interest of space, we focus on the preferred Heckman and MDCEV models in the current paper. The development and results of the Tobit models are available in Rohr et al. (2013) , although we include the forecasts from these models later on in the paper.
The models also seek to identify variation in purchase behaviour of consumers by their sociodemographic and economic characteristics, where they are significant, with further details of the variables tested in Table 3 . 
Heckman Models
In this study, the Heckman model was estimated using a maximum likelihood approach to obtain simultaneous estimation of the choice and consumption models, ensuring efficient estimates. Given the very large number of parameters (running to 6 pages), the full estimation results are shown in the report which is available online (Rohr et al., 2013) , and we instead focus on a summary of the results showing signs and significance levels, where estimations are split by moderate (mod.) and hazardous and harmful (h&h) consumption, with Table 4 looking at the selection model, and Table 5 at the regression model. The convention used is that +++ refers to a positive estimate significant at the 99% level, with ++ used for the 95% level and + for the 90% level, and a corresponding notation for negative estimates. The level of detail of the models is again too high to discuss every single estimate. We see that price and promotions have significant impacts on the selection model (decision to purchase), but matter less in the quantity model. Cross price and cross promotions have significant impacts on the decision to buy alcohol, but are hardly significant in the quantity model.
The differential income effects for selection and the quantity models for Wine A purchasing illustrate the strength of the incorporation of different behavioural formulations. Here we observe that respondents from higher incomes are less likely to purchase cheap Wine A products, but for those who do make the decision to purchase these products, higher income levels are associated with higher levels of purchasing. Generally, we were able to identify more socio-economic variation in the selection (purchasing) model, particularly incorporating significant ethnicity terms, which were not able to be identified in the Tobit models, where the terms are constrained to be the same to explain both purchasing and quantity purchased. In the majority of the Heckman models, the respondent's share of alcohol purchasing for the household was positively linked with alcohol purchasing. The region terms had varying impacts across the models, which was not surprising given the small sample sizes. The term testing the impact of the shelf ordering in the choice scenarios was significant for some of the alcohol products, for some of the segments, but the sign was inconsistent across these and thus we concluded that shelf order should not be included.
MDCEV models
In the specification of the MDCEV model for the present application, we made use of 24 products, where product 1 is the outside good, goods 2 to 4 are the three types of wine (as full price items), goods 5 and 6 are the two types of beer (as full price items) and good 7 is spirits (as full price item). These are then followed by the different promotion items, where different types of promotion for a given good are treated as separate products, so that we have three promotion items for each wine and beer type, with two promotion products for spirits. The treatment of promotions as separate goods allows both their different marginal price and their specific attraction as promotions to be modelled. However, in any single presentation, at most one promotion for each alcohol type was shown, so that respondents could choose several from 6 to 9 offers (with a minimum of 8 in the promotion scenarios). The MDCEV structure implicitly includes the own and competitor prices and promotions within the structure, as the model incorporates competition between all alcohol types directly and simultaneously.
As described above, the MDCEV model framework assumes the presence of a budget constraint. The assumptions made in relation to money budgets are one of the most challenging aspects of working with MDCEV models in our experience. Typically, this has been treated either as a time budget (Bernardo et al. 2015 , Bhat 2005 , Sener and Bhat 2012 , a money budget (Yu et al. 2011 , Yu & Zhang 2015 or even separate time and money budgets (Castro et al. 2012) . Authors are increasingly recognising the difficulty with the definition of money budgets, where a simple hard constraint such as 24 hours a day for a time budget does not apply. Indeed, individuals may for example have different mental accounts for different products. The situation is further complicated in the case of work using stated preference data (such as here) where arguments can be made that the expenditure observed for a given respondent may well be below their budget constraint (if the scenarios presented were not varied enough) or may be above the real world budget constraint (by being based on hypothetical choices). Recent work by Augustin et al. (2015), has put forward the idea of using regression approaches to estimate a latent budget for vehicle miles travelled, while Dumont et al. (2013) proposed a latent budget approach for money budgets.
For the budget assumption, a number of different specifications were tested. The most meaningful results were obtained by assuming that the budget for a given consumer was the maximum expenditure observed for that consumer across any of the twelve choice tasks, plus £1, ensuring that in each task, at least one unit of the outside good is chosen. We acknowledge that this is a major assumption, and further work investigating approaches such as in Augustin et al. (2015) or Dumont et al. (2013) is an interesting area for additional work. The maximum expenditure across all tasks for a given individual combines data from both sets of scenarios, thus including those tasks where promotions were presented. This should help improve the model's suitability for predicting expenditure in the presence of promotions. Of course, the increase in expenditure observed in the presence of promotions may differ depending on the extent of the promotions presented, and our budget assumptions clearly relate only to what was presented in the SP tasks. As such, the model may potentially lead to an underestimation of the impact of promotions when more (or stronger) promotions than those presented in the tasks for that respondents are considered in a forecast.
The results for the MDCEV models are split across two tables, with the structural parameters and product specific constants shown in Table 6 , and the socio-demographic effects in Table 7 . In both models, we observed that α tended to zero, essentially implying a log transform on consumption, i.e. a very strong satiation effect. The product specific constants also generally imply a higher baseline utility for a product under promotion than at full price, showing the market impact of promotion. The socio-demographic effects are mostly similar to those identified in the Heckman models, although subtle differences arise, e.g. for age impacts on Wine B, the impact of the low-skilled term for Spirits, and the impact of the Age45+ term for spirits.
As in the other models, the impacts of region terms were inconsistent in these models. The term testing for the impact of the shelf ordering in the choice scenarios was generally insignificant and inconsistent in sign across products and segments. These variables were therefore omitted from the final models.
Forecast and policy scenario test
Forecasting framework
To understand consumers' likely responses to alcohol policy interventions and their behaviour in a changing market, the Tobit, Heckman and MDCEV models were next used in a forecast framework.
For this, the sample observations were re-weighted to achieve a nationally representative distribution of population characteristics and consumption level.
The forecast models are applied to the first record of the SP survey for each respondent in the main survey, weighted to reflect population and consumption patterns, remembering that this first record reflected the baseline in terms of all alcohol types at their baseline prices without promotions.
The Tobit forecast follows a procedure described in Carson and Sun (2007) , using a Microsoft Excel spreadsheet model. In the Heckman model, an instrumental variable (inverse Mills ratio) is calculated and applied in estimation as a correction term, to maintain consistency. In forecasting, this term is also used and it generally ensures that the majority of forecasts are non-negative. However, there remains a possibility that some negative consumption is predicted . In the present study, we have observed very few cases of predicted negative consumption. To retain consistency, this small number of negative forecasts is retained in the forecast, despite their lack of reality. If negative forecasts were suppressed, the overall total would be biased upwards. For the MDCEV model, the forecast follows the detailed approach described in Pinjari & Bhat (2011) .
Scenario tests were run to provide a set of bespoke alcohol policy intervention analysis for the impact of the price change and promotion compared to the "Do nothing" scenario:
-A 10% increase in price to compute the price elasticity for each type of alcohol product (six categories) separately; -Introducing alcohol multi-buy promotions; -Removing a package of alcohol multi-buy promotions. 
Price elasticity
We use the models to predict the impact of a 10% pricing increase (compared to the baseline scenario) on the volume of alcohol units purchased for each alcohol type by level of consumption. We then computed the impact on expenditure. Table 8 summarises the own-price elasticities for each specific alcohol type, derived from the Tobit, Heckman and MDCEV models. The elasticities are calculated using the ratio between the log price change and log purchase volume change. It is further assumed that prices for other alcohol types would not change.
Generally, elasticities are relatively consistent between the Tobit and Heckman models, however, higher price elasticities, particularly for cheaper alcohol products, are observed in the MDCEV models. Across all models as expected, the elasticities for purchasing units are higher (more strongly negative 3 ) than for expenditure. Alcohol price increases lead to reductions in the volume of units purchased. However, as the amount paid for each unit increases, the impact of price reduction on the total expenditure is relatively smaller than the impact on units. Therefore the elasticities for purchasing units would be expected to be numerically larger than the elasticity for expenditure.
Moreover, some of the expenditure elasticities from the Tobit and Heckman models are positive, which are not observed in the MDCEV models. Wine A and wine B are at the lower end of price (inferior good) within the same type of alcohol and are found relatively inelastic to price changes compared to the other types of alcohol (normal good) in this study. Volland (2012) found that beer is an inferior good in Germany and is price inelastic. Gallet and List (1998) found similar results, but corresponded to a minority of results (e.g., Nelson, 2003) . This may also be attributed to incomplete representation of the competition of alcohol types in these models.
In the MDCEV models, the own-price elasticities on units purchased for less expensive Wine A and Beer A products are higher (more negative), because of the better representation of competition in these models.
For most products, we tend to find that the price elasticities for moderate drinkers are higher than for hazardous and harmful drinkers (although the differences are less in the Tobit and Heckman models). These findings are consistent with findings from others, e.g. Fogerty (2004) . However, because hazardous and harmful drinkers purchase much higher volumes of alcohol, the absolute impact on these groups will be greater compared to less heavy drinkers. Table 8 Own-price elasticities from the models (10% price increase) It is difficult to make direct comparisons with the model outputs from this study, as it is not clear to what extent these published values reflect units purchased or expenditure (Collis et al. (2010) refer to the impact of price on alcohol consumption more generally 4 ). Furthermore, in their summary they do not state to what extent these reflect on-trade or off-trade purchases (or both). However, we note generally that the mean values reported by Collis et al. (2010) fall between the units and expenditure elasticities from the MDCEV models developed in this study.
We also note that, for all categories in the MDCEV model and some categories for Tobit and Heckman, the increase in cost not only leads to reduced consumption (units) but also reduced expenditure. Suppose price changes by p% and consequently purchasing (units) changes by -q%. The price elasticity of purchasing is then approximately -q/p. However, expenditure changes by approximately (p-q)%, so the price elasticity of expenditure is 1-q/p, i.e. 1 more than the elasticity of purchasing. This is clearly visible in Table 8 for all individual products, across models. Clearly, the situation is different when looking at changing the price on more than one product at the same time (final two rows for each model in Table 8 ), as a fixed p across products gives us different values of q for the different products, making the total q some intermediate value.
There is also no behavioural reason why q/p should be more or less than 1. Particularly in a market with a lot of competition, consumers are prone to switching easily. As a result, expenditure elasticity could be positive or negative. If q/p was less than 1, a producer could simply increases prices to generate more revenue for less product. The MDCEV model is more elastic (bigger q) so we more often get negative expenditure elasticity.
In fact, all elasticities we have seen published in literature are negative, although unfortunately it is not always clear whether what are reported are in units or expenditure (e.g. Collis et al, 2010) . It is clearly possible that an increase in alcohol prices will lead respondents to reduce their consumption so much that they in fact spend less money. This is what we see in the MDCEV model results -which tend to be more negative in terms of own-price elasticities for units (than the corresponding Tobit and Heckman ones), particularly for cheaper alternatives (we note that it is the own-price elasticities that are published here and not the elasticity for total expenditure). The reverse clearly also applies where, with reduced prices, respondents not only buy more alcohol for the same amount of money, but actually spend more money. Indeed, it is entirely realistic to expect consumers to "stock up" on alcohol when it is cheap, and to not spend much on it when it is expensive. The situation may of course be different if the change in price is a long term change rather than a short term fluctuation.
Introducing promotions
In our example looking at the impact of introducing a promotion, we assume that the prices of all other alcohol products are equal to the non-discounted prices, and that non-promotion items are also available. For example for the tests with promotions on Wine A products, these same products are also available at non-discounted prices. The Tobit and Heckman models do not differentiate the purchase between promotion and non-promotion items, so we computed the ratio of expenditure between promotion and non-promotion items in the choice exercises where both were present. Based on the findings on expenditure from the survey, an average price assuming that 86 percent of the expenditure came from the promotion items and 14 percent from non-promotion items was calculated and then used when computing expenditure from these models. In the MDCEV models, the expenditure calculation accurately reflects the predicted purchase pattern predicted in the model, differentiating between promotion and non-promotion items.
We report the impacts both on the specific alcohol type (e.g. the impact of a '3 for 2' promotion on the purchasing of Wine A products), the alcohol category (e.g. the impact of a '3 for 2' promotion on Wine A products on all wine products) and across all alcohol products. For spirits, the former two are obviously equal to each other. In the Tobit and Heckman models, the impacts across categories and across all alcohol products are obtained by summing the impacts across the different models. They are calculated directly from the MDCEV models.
The reported figures reflect both the impact of the price reduction (measured through the price term) and the psychological impact of the promotion itself (measured as a constant in the model) with results shown as a proportional change on demand, i.e. the change in demand divided by the demand from the baseline scenario. The results shown in Table 9 look at the overall market, i.e. after combining the different categories of drinkers.
For the Tobit models, in general, we see that the introduction of a promotion always leads to a predicted increase in the purchasing of alcohol units for that product. For example, with the introduction of a '3 for 2' promotion on Wine A products, the models predict a 0.88 increase (88 percent increase) in the units of Wine A products purchased overall compared to the baseline situation with no promotions. This leads to a 35 percent increase in expenditure on Wine A products overall -the proportional increase in expenditure is less than the increase in units purchased because some of the purchases are made at a reduced price (because of the promotion). Again we emphasise that the expenditure calculations from the Tobit models are imprecise, because the model does not explicitly predict the proportion of the market that would purchase promotions.
The relative impact on expenditure for the alcohol category, e.g. wine, is much smaller -because of cross-switching effects. For example, with a promotion on Wine A products, people who tend to purchase Wine B products may purchase fewer of these and instead purchase Wine A products, so we see an increase in Wine A products, but the increase across all wine purchases is not as large. So, we see that the '3 for 2' promotion on Wine A leads to a 35 percent increase in the purchasing of units of wine products overall, but a 17 percent reduction in expenditure on wine products overall. The impact across all alcohol purchases is still smaller -where the '3 for 2' Wine A promotion leads to a 15 percent increase in purchasing units of all alcohol but an 8 percent reduction in expenditure. Again, we note concerns regarding the reliability of the expenditure calculations from the Tobit models.
We observe much higher predicted increases for promotions introduced in the Wine C (expensive wine) market, particularly with regard to increases in Wine C units purchased relative to the baseline scenario (a 954 percent increase). But we note that Wine C purchases account for only around 2 percent of units in the baseline scenario. Therefore, with promotions that make Wine C nearly as attractive as Wine B (around 16 percent of the market in the baseline scenario), we see a large percentage change, but for a small market, so the overall impact is not large. In fact the impact on total wine units and all alcohol units is negligible (due to cross-trading), although the impact on total wine expenditure is larger (because some respondents will be trading up to purchase more expensive wine).
In general, the impacts in the Heckman models are higher than those predicted from the Tobit models, except for Spirits (which are quite similar), which is consistent with the higher price elasticities for the Heckman models. However, we note that many of the price terms were not as significant in the Heckman models, which is likely a result of having to estimate models for the two separate processes (selection and quantity). So, whilst having separate functions is desirable theoretically, in practice more data would be needed to provide more reliable estimates in the Heckman models.
Consistent with the price elasticity impacts, we find that the direct impacts (for example the impact of a promotion on a Wine A product on Wine A purchases) measured from the MDCEV models are generally higher than those measured from the Tobit and Heckman models, particularly for wine products, but not for beer and spirits. This may be because the MDCEV models better represent the impacts of competition, but IID assumptions are also a concern (see earlier discussion).
However, the benefit of the MDCEV models is that they better reflect the impacts of pricing and promotions on other products and on total alcohol purchased. So, from the promotion impacts of the MDCEV model we see the following trends:
 The introduction of a promotion always leads to increased purchasing of alcohol for that specific type of product (both in terms of units purchased and expenditure).  This increase is partly compensated by a reduction in purchasing of units for other types of alcohol, which are measured directly in the model. o So, for example, the introduction of a '3 for 2' promotion on medium-priced wine (Wine B-type products) leads to a 630 percent increase in purchasing of Wine B units, but a smaller increase (72 percent) in all wine products, because of the likelihood of switching between wine products.  Moreover, the MDCEV models predict the impact on all alcohol purchases, taking account of cross-product trading. o So, the '3 for 2' promotion on Wine B products will lead to a 20 percent increase in all alcohol units, because of consumer trade-offs between beer and spirits and wine, and a 23 percent increase in expenditure across all alcohol products.
More generally, in the MDCEV models applying individual promotions on less expensive wine and less expensive beer lead to increased purchasing of alcohol units, while promotions on expensive wine and beer lead to more purchases of these items at the expense of cheaper counterparts and therefore a smaller increase (or even a small reduction) in total units purchased. For spirits, promotions lead to increased purchases of units, because of the higher number of units per bottle.
Removing a package of promotions
The real-world market often has number of different competing promotions in force at the same time. Another scenario test was undertaken to quantify the impact of removing a 'package' of promotions. A quick review of UK supermarket websites 5 indicated that the most prevalent offers were in the form of x for £y, and that many of the discounts were in the order of 25-50 percent. In order to test a package that reflected the observed magnitude of discounts more generally, we did a test with a base scenario simultaneously offering '3 for 2' promotions for all wine options (Wine A, Wine B and Wine C) and '8 for 6' promotions for beer and premium beer, and then looked at the impact of removing both promotions at the same time. No promotion for spirits was included in the test, as these were less common. We have assumed that non-promotion items are also available in the test at their non-promotion (baseline) price.
In the Tobit and Heckman models, the impacts across categories and across all alcohol products are obtained by summing the impacts across the different models. They are calculated directly from the MDCEV models. The resulting impacts from each model are summarised in Table 10 below. We again present the aggregate results across both consumption segments. We caution that these tests may overstate the impact of promotions, because it is not known to what extent all promotions would be presented simultaneously in the market place, and also as our models are not estimated on data that looks at both including and removing promotions. With the removal of the wine and beer promotions, the Tobit and Heckman models predict a decrease in purchasing of Wine B and Wine C products, but an increase in Wine A products. The result for Wine A products is a consequence of the strong cross-price and cross-promotion terms for Wine B and Wine C products in that model. This may also relate to the inelastic price elasticity found in that the wine A product. Moreover, because of the relatively large size of the Wine A market, the Tobit models predict an overall increase in units and expenditure for all wine products and for all alcohol products. We judge this to be a structural problem with the Tobit models, as each has been estimated with a relatively small amount of data, and cross-effects are not well estimated. Although the Heckman models also predict an increase in Wine A units, they predict a decrease in all wine and all alcohol products with the removal of the promotions. The impacts predicted on Wine B, beer and spirits look more reasonable; although the impact of the increased purchasing of spirits is different between the two models. The MDCEV models predict reductions in wine markets (the smallest reduction in Wine A, followed by Wine B and Wine C) and beer markets, and an increase in purchasing of spirits. Overall, removing this specific package of promotions leads to a predicted 48 percent reduction in purchasing of alcohol units and a 37 percent reduction in expenditure. All models predict an increase in the consumption of spirits if promotions on wine and beer are removed. Table 10 Impacts of removing a package of promotions (3 for 2 on wine and 8 for 6 on beer) 
Discussion and conclusions
The aim of this study was to measure the impact of multi-buy promotions on consumers' off-trade alcohol purchasing. Our analysis complements the existing evidence by deploying a stated preference approach to measure and to explain consumers' responses to changing price and multibuy promotions which might not be easily observed in the real market. A range of econometric models were developed to interpret the consumers' behaviour and the impact of multi-buy promotion. The Tobit and Heckman models established a benchmark to the existing alcohol pricing studies, before an advanced MDCEV model was developed which can better replicate the competition of the multi-buy promotions among different types of alcohols and substitution of the purchase with presence of different offers.
The MDCEV models allow for better representation of the competition between alcohol products, which is not measured as well in the single-product regression models, as well as situations where multiple options are chosen -in around 42 percent of tasks, respondents made purchase choices that included more than one alcohol type within a specific choice scenario. Furthermore, the MDCEV models also explicitly consider the impact of an available maximum budget for purchases, so that competition between products is again better represented. The MDCEV models additionally represent the effect of satiation, i.e. that the marginal utility of additional purchases declines as more of a given product is purchased. Furthermore, the MDCEV models use the data more efficiently, because all observations (within a segment) contribute to the estimation of the model parameters.
For this study we tested multinomial model structures, where promotion and non-promotion items are represented as separate alternatives, equally competitive with each other and other types of alcohol. In practice, however, we find that some alternatives are more 'similar' and therefore are closer substitutes than others (not IID). We hypothesise that this is probably true for promotion and non-promotion options of a specific type of alcohol, where we would expect higher cross-elasticities, for example between a Wine A non-promotion product and a Wine A promotion product. Correlation may also exist between the different categories of a given alcohol type, e.g. wine. The introduction of such correlation would therefore give a better representation of the stated behaviour, but while technically feasible (cf. Pinjari and Bhat, 2010; Pinjari, 2011; Bhat et al., 2013) , it was beyond the scope of the present study. With the inclusion of a nesting structure (if justified by the data), the effect of the introduction of a new alternative, i.e. a promotion alternative in this study, is reduced. As a result, it is possible that our MDCEV models overstate the impact of introducing promotions. On the other hand, the Tobit and Heckman models are likely to underestimate the impact of promotions, because of the limited representation of competition in these models. For these reasons we recommend that the results from the MDCEV models be treated as maximum estimates of the impacts of promotions on alcohol purchasing.
The results from the stated preference data appear to be credible, and the resulting price elasticities seem to be, generally, of the same order of magnitude as other reported values, although it is difficult to make direct comparisons because of differences in study scope (on-trade vs. off-trade) and lack of clarity of output measures (units, monetary expenditure, consumption, etc.) in other studies. However, the models may overestimate the impact of multi-buy promotions for a number of reasons. First, the results are based on stated preference data, rather than observed purchases, where people may state larger responses to price changes. Second, because of the technical properties of the MDCEV model, specifically assumptions about cross-elasticities between products (as a result of the IID property of the models), it is likely to lead to overestimates of the impacts of promotions. The Tobit and Heckman models may be less likely to lead to overestimates of impacts, as a result of their model structure, but the predicted impacts from these models are still subject to the points raised above. Third, single-product promotion tests are likely to overestimate the impacts of these promotions on individual products, because they do not reflect real-world market conditions which may include a number of different competing promotions at the same time.
Moreover, the package tests may also overstate the impact of promotions because it is not known to what extent all promotions would be presented simultaneously in the market place.
Mindful of the limitations of any empirical study, our findings represent an important contribution to the impact of multi-buy promotion on alcohol promotion as well as to policy. In terms of the former, the study adds to the evidence of evaluation of the multi-buy promotions on the consumers purchase behaviour, given the difficulty of evaluating alcohol policy interventions at a population level. The most frequent price interventions in the alcohol market has been that of imposing excise duties on alcohol beverages. However, there appear to be limits in the form of political and public acceptability regarding further extension of these measures. There is a reason to believe that countries may be seeking other, less contentious pricing policies -a characteristic that would arguably be met by the restriction of quantity discounts.
